NTRATHECAL drug delivery systems were initially introduced in the early 1980s for the management of chronic pain. By 1992, these systems were being used for the management of spasticity as well. During the past decade, drug delivery systems have become a valuable addition to the therapeutic options available for medically refractory spasticity. Infusion systems have the significant advantage of being titrateable and reversible. Intrathecal baclofen therapy has been widely used for the treatment of intractable spasticity of both spinal and cerebral origin in adults and children. Conditions resulting in spasticity have included multiple sclerosis, traumatic or anoxic brain injury, spinal cord injury, and cerebral palsy. 1, 2, 4, 5, 12, [14] [15] [16] Although these implanted delivery systems have significant advantages, there has long been the perception that the use of these devices is associated with a high complication rate. Most investigators have cited significant complications associated with these systems. [7] [8] [9] With the development of better surgical techniques as well as technological advances in the pump and catheter design, these complications have been reduced. Careful observation and evaluation can reduce the severity of complications when they occur. Because many patients are significantly disabled, it is also essential to make every effort to minimize patient travel and hospitalizations and to expedite patient interviews and/or evaluations.
to severe disability with limited cognitive function. All patients received aggressive medical and physiatric therapy trials before the decision to begin ITB therapy. Patient and caregiver education was provided to determine whether the patient or caregiver was interested in the option of ITB therapy. All patients had undergone a successful test dose of baclofen. Although the ultimate implanting surgeon usually performs the intrathecal drug injection, clinical response is documented by either a specially trained therapist or physiatrist. The patient data presented were collected retrospectively and represent 5 years of implantation procedures performed by two surgeons (M.R.L. and J.R.V.; most pediatric surgeries were performed by M.R.L. and most adult surgeries were performed by J.R.V.). Patients 18 years of age or younger were included in the pediatric population.
Implantation Procedure
Preoperative Preparation. In children, a Hibiclens scrub sponge is used to clean the surgical areas the night before surgery. The infusion of preoperative antibiotic agents should be timed so that the entire dose has infused between 20 minutes and 1 hour before the first incision is made. In small children, intravenous access may not be obtained until the child is intubated; therefore, it is critical to be alert to the timing of the antibiotic infusion in these patients. In some cases, an oral regimen of cephalexin can be started 3 days before surgery to supplement the intravenous antibiotic.
Pump Implantation. It is important to determine the optimal site for placement of the pump before surgery. In functional patients, a discussion regarding daily activities, use of adaptive devices, clothing preferences, and body posture are helpful in determining the ideal side for the pump. In young children and noncommunicative adults, a similar assessment can be made by consulting the patient's caretaker. We prefer to place the pump on the right side if there is no patient preference because of the frequent need of feeding tubes in many patients. Left-sided placement is elected when an ileostomy, severe dextroscoliosis, or prominent right lower quadrant VP catheter tubing is present.
Generally, in patients weighing more than 25 lb (11.2 kg) the 18-ml pump is used. For those weighing less than 25 lb, the 10-ml pump is used. Recently, Medtronic, Inc., has released a 20-ml version of the smaller size pump and a 40-ml version of their adult pump. A decrease in the computer and battery components has permitted expansion of the reservoir with no significant impact on external pump dimensions.
The programmable pump is placed in subdermal pocket in adults or under the fascia of the anterior rectus and external oblique muscles in children or small adults with the patient in a lateral decubitus position. 6, 11 A horizontal periumbilical incision is preferred. Care is taken to avoid positioning the pump in contact with the iliac crest or the lowest rib, which can be a source of constant postoperative discomfort.
The intrathecal catheter is introduced through a tuohy needle into the lumbar cistern at the L3-4 level via a 3-cm vertical skin incision and advanced to the appropriate level under fluoroscopic guidance. Minimal dissection subcutaneously to the lumbar fascia ensures less opportunity for a pseudomeningocele to develop postoperatively. Desired levels are T-1 to T-2 for spastic quadriplegia and T-6 to T-10 for spastic diplegia and midcervical for dystonia. 10 A purse-string suture can be used to close the lumbar fascia around the catheter before removal of the needle if CSF is seen to leak around the needle. This is usually only needed in very small children in whom there is minimal lumbar paraspinal muscle mass. One-piece catheter systems are initially placed. If lumbar catheter revision was necessary, a new catheter can be spliced onto the preexisting catheter. A one-piece, plastic anchor is placed around the catheter and then attached to the lumbar fascia. The catheter is passed subcutaneously into the abdominal incision. Care is taken to ensure that the catheter is positioned without kinks or sharp bends. If a laminotomy is needed to access the subarachnoid space, all bone edges are smoothed to avoid catheter injury. The dead space and dermis are closed with interrupted 3-0 vicryl suture, and the epidermis is closed with a simple running 3-0 nylon suture in small children and staples in larger children and adults.
If free-flowing CSF is not obtained a hemilaminotomy is performed and the catheter is placed under direct vision. This was more frequent in patients who had VP shunts in place. In the rare event that still no free-flowing CSF is seen or readily aspirated through the catheter, the tip can be gently advanced under fluoroscopic guidance to just past the level of the foramen magnum, confirming that the catheter is in the subarachnoid, not the epidural space, and then retracted to the desired position.
The catheter is connected to the pump nozzle after confirming free flow of CSF. The sock provided by the manufacturer is used in most adult implants. Excess catheter is coiled and placed deep to the pump. If a subfascial placement has been performed, the fascia is closed with interrupted 2-0 vicryl or maxon sutures. The subcutaneous fatty tissues (when present) and dermis are then approximated with absorbable sutures. Nylon or staples are used for the skin edges. The use of cutaneous glues in lieu of suture or staple closure was abandoned at our institution before the time frame of this study because of an increase in wound breakdown.
Results
Baclofen pumps were implanted in 116 pediatric and 55 adult patients. Diagnoses resulting in spasticity are listed in Table 1 . The pediatric pump implants were placed subfascially, whereas the adult pumps were implanted subdermally. A total of 314 surgical procedures (226 pediatric and 88 adult) were performed. No significant intraoperative complications were encountered.
Postoperative Complications
Complications occurred in 45 pediatric and 12 adult patients requiring 80 pediatric and 16 adult surgical procedures. The specific types of catheter, wound, and pump complications are listed in Table 2 . In addition, 47 patients underwent repeated operation for noncomplications, such as pump replacement due to end of battery life and repositioning of the intrathecal catheter (Table 3) . Other treatment complications, such as drug withdrawal or drug overdose, neck and suboccipital ache, and chemical meningitis are presented in Table 4 .
The majority of complications in children requiring repeated operation involved the spinal catheter and/or the wound with nearly equal numbers of both complication types. Catheter complications were the most commonly encountered problem in adults. Pump-related complications were the least common type of problem in both groups. The distribution and descriptive analysis for the number of procedures per patient for all procedures and each individual type of procedure is presented in Table 5 .
The difference in total overall number of procedures (elective and complication related) was statistically significantly higher in the pediatric group. In addition, there was a statistically and significantly higher percentage of procedures for overall complication management and wound complication management in pediatric patients compared with adult patients. More surgeries were performed for catheter and pump-related complications that occurred in the pediatric group, but not to a statistically significant degree.
Infection Rate
Differences between adult and pediatric patients with regard to number of procedures and secondary infection rates are given in Table 2 . Total infection rates were not different between adult and pediatric patients overall or for any type of procedure with the exception of elective procedures. For elective procedures, the infection rates were significantly higher among pediatric patients than adult patients; however, the rate was low in both groups (Ͻ 5% for both adult and pediatric patients).
Discussion
Postoperative complications can be broadly classified into three categories related to the pump, catheter, or wound. Implant complications typically present because of an alteration in the patient's spasticity level, which can be acute and dramatic or chronic and subtle over time. Fluid accumulation or leakage either into the abdominal or lumbar incision can also occur. Infections present with the typical local and/or systemic signs and symptoms including fever, chills, and wound drainage, as well as a possible increased sensitivity to baclofen associated with clinical signs and symptoms of baclofen overdose.
Pump-Related Complications
The incidence of pump-related problems are nearly identical in pediatric and adult patients. Differences in body habitus, subcutaneous tissue and muscle volume, and overall size, which influence the catheter and wound-related complications, have less influence on the pump. We have seen only two cases of intrinsic pump malfunction that required an explantation procedure. In the pediatric case, an acute baclofen withdrawal led to an investigation of the pump. A stopped rotor was visualized under fluoroscopic guidance. In the adult case, the pump stopped secondary to battery failure, but the low battery alarm did not sound. This pump was explanted, but no mechanical malfunction was identified. The low battery alarm was enabled.
Cases of pump migration or "flipping" have been encountered only in the pediatric population. In both cases this complication has been related to the creation of an oversized subfascial pocket. In one case we suspected that the subfascially placed pump flipped as a result of abdominal contractions associated with severe emesis in a 3-year-old patient. Pump flips can be identified during reprogramming or refill procedures when telemetry or reservoir access is unsuccessful. In two cases, pump rotation resulted in catheter complications. In one case, the pump flipped frequently, but coincidentally, the reservoir was always oriented correctly during refill procedures. In this case, after approximately 40 rotations, the catheter became occluded and the patient presented in acute baclofen withdrawal. In another case the flip was associated with a catheter pullout and a lumbar pseudomeningocele. The most effective method to reduce the risk of this complication is to create a pocket of the appropriate proportions. The skin incision and subcutaneous or subfascial space must be adequate to allow for simple placement of the pump. Any additional pocket volume will not enhance the implant; however, in most cases, because of hematoma or seroma, the excess pocket does not heal together. Rather, the surfaces of the pocket form a scar layer that impedes healing and promotes pump migration. In revisions, the scar must be resected from both the superficial and deep walls of the pocket. Absorbable suture can then be used to close the portions of the pocket not required for the pump and catheter. There are two techniques that can facilitate anchoring the pump. A sock fitted over the pump can promote scar formation that will then anchor the pump. Tie-down phalanges are also available for one type of pump on its deep surface. Nonabsorbable sutures are used to anchor the pump by these phalanges to the anterior rectus (subcutaneous placement) fascia or the posterior rectus (subfascial placement) fascia or muscle. We have encountered cases in which the tie down-type pump migrated after the sutures had either pulled out or caused necrosis of the tissue to which the pump was attached. We have found that the tie-down technique, or the sock, is adequate in most cases.
Catheter Complications
Catheter-related problems were the most common indication for corrective surgery in both the pediatric and adult patient groups, although these complications occurred in adults more often than in children. Catheter-related complications included hub fracture or dislocation, breakage or disruption, occlusion, and slippage or pullout. Patients presented either with complaints consistent with acute baclofen withdrawal, or with patient and/or caregiver observations in which a decrease in the therapeutic effect of the ITB therapy was noted. This decline in clinical response did not respond to increases, often dramatic, in the rate of drug infusion. There was a higher percentage of difference in the incidence of catheter slippage or pullout between the pediatric and adult populations (37% compared with 30%). This may be related to the fact that children have less subcutaneous tissue and muscle, smaller overall size, and less distance between the pump and the catheter entry point at the dura. If there is less distance and tissue to resist pullouts, there is less resistance for the catheter to counter the pullout traction of normal movement and spasms. Of note, all patients had a tie-down connector to hold the catheter at the level of the lumbodorsal fascia.
The frequency of hub and hub connector fractures in our series appears to be related to two factors. In all cases, the straight connector was used and a subfascial implant was performed. We speculate that the subfascial position places significant stress at the attachment of the flexible silicon hub to the rigid stainless-steel pump nozzle. When placed in the subfascial plane this stress is increased. This, combined with muscle contraction and spasticity, would predispose the hub to greater mechanical forces. A hub connector angled at 45˚ was developed to reduce strain and decrease the risk of fracture. This complication has not occurred since the introduction of this new connector.
Intermittent baclofen withdrawal usually indicates a partially kinked or obstructed catheter that is dependent on the patient's position for function. When withdrawal alternates with symptoms of baclofen overdose, the distal catheter tip may lie within a loculated subdural pocket. An incompletely fractured catheter can be difficult to diagnose and can present as either a lumbar or an abdominal wound fluid collection.
Wound Complications
Wound-related complications were more prevalent in the pediatric group (46%) than in the adult group (25%). All adult cases were related to infection. In the pediatric patients, wound-related complications included CSF fistula, pseudomeningocele, wound dehiscence, and granuloma formation, in addition to infection. Pseudomeningoceles in these cases were related to CSF migration from the catheter insertion site. There was no defect or malfunction of the catheter. A CSF fistula resulted from breakdown of the wound with secondary CSF leakage. The pediatric patient is more susceptible to this type of complication given the decreased amount of muscle and subcutaneous tissue to resist pseudomeningocele formation or wound breakdown.
Treatment of Infection
Patients with wound erythema or a suspected superficial wound infection are usually placed on a regimen of oral antibiotic agents for 7 to 14 days. In some cases, an initial intravenous dose is used as well. Most patients respond to this treatment. It is critical, however, to monitor closely these patients because there is a high risk for extension of this infection and the development of a deep pocket infection or meningitis. Intravenous antibiotic agents were instituted when objective criteria for infection, including increasing erythema of the wound, fever with no other source on thorough physical examination, increasing pain, elevated white blood cell count or erythrocyte sedimentation rate, drainage, and/or positive Gram stains and culture were present. Intravenous antibiotic agents were continued until the wound appearance and laboratory studies had normalized. If the infection progressed, resolution did not occur in more than 10 days to 2 weeks, or if the infection recurred on termination of antibiotics, then the system was explanted. For CSF infection, intrathecal vancomycin delivered by direct injection into the pump has previously been successful in treating Staphylococcus epidermidis and S. aureus meningitis. 13, 17 Patients with meningeal symptoms are admitted to the hospital and appropriate antibiotic agents are given depending on results of lumbar puncture or catheter aspiration via the pump catheter-access port. One treatment protocol for salvage of infected pumps after confir- mation of CSF infection includes both intrapump and intravenous therapy. 17 Intrapump therapy is started by filling the pump to the total reservoir volume with a 5-mg vancomycin/185-g baclofen/ml solution and programming the pump to deliver an initial volume of 1 ml per day. Oral baclofen therapy is initiated to prevent withdrawal. The CSF is sampled every 3 days to titrate the rate of pump infusion based on the CSF vancomycin level and to monitor the CSF for the presence of bacteria. Intravenous vancomycin therapy is used concomitantly and serum peak and trough levels are drawn routinely to optimize the dose and avoid toxicity.
In one case, chemical meningitis was strongly suspected in a patient in whom a severe abdominal pocket effusion developed at the end of the 1st postoperative week. Side port-obtained Gram stain and CSF cultures were negative for infection and the patient was afebrile. After a brief course of steroid therapy and pressure wrapping, the effusion resolved and the patient improved without surgical intervention.
In most pediatric cases, we now attempt to preserve the pump even in cases of deep pocket infection. 3 Our operative procedure consists of opening the abdominal incision and removing the pump. The pocket granulation tissue is debrided and thoroughly washed with bacitracin irrigation. The pump is agitated in bacitracin for no less than 30 minutes and then reimplanted. The pediatric surgery service often assists with placement of long-term intravenous access in these children before our procedure but immediately after induction of anesthesia. Postoperatively, intrapump and intravenous antibiotic agents are given until the CSF is cleared of organisms; intravenous antibiotic agents are then administered at home for an additional 4 to 6 weeks with the assistance of a home-health agency. We have not attempted this pump salvage procedure in adult patients.
Lumbar Pseudomeningocele
This complication was seen only in pediatric patients most likely because of their habitus and smaller volume of paraspinal muscle and subcutaneous tissue. Early (Ͻ 2 weeks) postoperative lumbar pseudomeningoceles are occasionally seen and usually respond to a combination of wrapping with a pressure dressing and acetazolamide administration.
The majority of late (Ͼ 2 weeks) postoperative lumbar pseudomeningoceles result from catheters that have either fractured or pulled out of the subarachnoid space. If the definitive diagnosis of a catheter malfunction is not made based on AP and lateral abdominal x-ray films, a trial of wrapping with a pressure bandage and acetazolamide therapy may be successful, although this is less likely to be effective in comparison with early postoperative pseudomeningocele. When persistent, an Omnipaque (Amersham Health Ltd., Auckland, New Zealand) or an 111 In study may confirm a fractured catheter before surgical revision. If exploration of the system is needed, the lumbar wound is explored before opening the abdominal wound. Both sites are prepared and fluoroscopy should be available in the event that a new subarachnoid catheter must be placed. If a new subarachnoid catheter is required, this can be spliced to the old catheter while the damaged or remaining intrathecal portion of the old catheter is removed. This can eliminate the need to open the abdominal pocket and reduce the risk of infection at this site. If there is concern that there is a more proximal catheter problem, the pump can be set to a purge dose and the proximal end of the cut catheter can be observed to confirm that drug is flowing from the pump through the catheter.
In one pediatric patient, unsuspected hydrocephalus resulted in a lumbar pseudomeningocele. We now measure the opening pressure as part of our implant technique in children. If the opening CSF pressure is greater than 18 cm H 2 O a computerized tomography scan of the brain is obtained to rule out hydrocephalus.
An autologous epidural blood patch was required in one refractory case of persistent lumbar pseudomeningocele with a satisfactory result.
Abdominal Pocket Fluid Collection
Early (Ͻ 2 weeks) postoperative effusions are occasionally seen. If the patient does not exhibit other signs or symptoms of local or systemic infection, initial therapy consists of observation or a pressure dressing. If the fluid pocket persists or increases in size, AP and lateral abdominal radiographs are performed. If no mechanical complication is identified, or if infection is suspected, the pocket effusion is tapped with a 23-gauge needle. Care is taken to orient the needle away from the location of the pump nozzle and tubing. For late onset effusions, if abdominal x-ray films do not reveal a hub disconnection or catheter fracture/dislocation, a trial of wrapping with or without acetazolamide for 2 weeks can be successful.
In patients with in whom the pump is placed subfascially, it is important to realize the possibility of bowel herniation through an iatrogenic defect in the rectus fascia before tapping the fluid collection. Auscultation for bowel sounds and careful observation of the fluid pocket for signs of peristalsis can help prevent inadvertent bowel injury. Because the physical examination can be inconclusive, however, abdominal ultrasonography should be performed before aspirating the fluid.
If the effusion persists, x-ray films of the pump and catheter are unremarkable, and infection has been ruled out, a pump/hub/catheter study in which Omnipaque 240 is used (Amersham Health Ltd.) is performed. We exclusively implant pumps with a side catheter-access port. This provides the capability to test the hub and catheter system percutaneously. This can potentially avoid an open exploration. The side port is entered with a 25-gauge Heubner needle. It is critical to withdraw 1 ml of fluid to clear the catheter of drug before injecting the Omnipaque. Failure to do this will result in a bolus of drug, present in the catheter, to enter the subarachnoid space and potentially cause a baclofen overdose. Often, a functional catheter will not aspirate CSF. This does not prove that a catheter occlusion exists. In these cases, the pump can be emptied of drug and refilled with saline appropriate for intrathecal injection. The pump can then be run at its normal infusion rate until the catheter has been emptied of drug and filled with saline. At this time, the catheter can be reevaluated and Omnipaque can safely be injected into the catheter. Approximately 1 ml of Omnipaque is injected and the entire catheter length is directly visualized under fluoroscopic guidance. In cases in which difficult injection is noted, the diagnosis of a clogged distal catheter can be made and sometimes even treated simultaneously with the injection. The Omnipaque study is quickly done and relatively inexpensive; however, it is not as sensitive as a radionuclide study.
If the Omnipaque study is inconclusive in terms of free flow all along the catheter length or if catheter malfunction is still highly suspected based on findings at clinical presentation, despite a normal Omnipaque study, a radionuclide study with 111 In octreotide can subsequently be performed. Although highly sensitive to small breaks and leaks in the catheter, an 111 In study cannot precisely localize the site of the problem. The indium-111 (~ 0.5 ml) is directly injected into the pump reservoir with the appropriate 22-gauge needle. Ideally this test should be performed with a low reservoir volume of baclofen to ensure a high concentration of indium-111. To prevent withdrawal, the drug infusion rate can be increased accordingly. After injection, another x-ray study is obtained 24 to 48 hours later. Patients may require additional baclofen given orally, because this test may decrease their drug levels in the CSF and result in baclofen withdrawal.
Conclusions
Complications occur in both the pediatric and adult patients with intrathecal pump and catheter delivery systems. With careful technique modification, these problems can be minimized. With rapid and systematic evaluation and treatment, the sequelae of the complications can be minimized when they do occur. Not surprisingly, children have a higher complication rate overall and specifically a higher wound complication rate. In addition to a smaller volume of tissue, these children typically suffer comorbidities including depending on a VP shunt, malnutrition, feeding gastrostomy, and severe scoliotic deformity requiring fusion in which hardware is used. Despite complications and the time commitment to have pump programming and refill sessions, only three pediatric and no adult patients or caregivers have requested permanent explantation of their pumps. This underscores the value provided to these patients, families, and caregivers.
